The aqueous ethanol extract of Myricae Cortex (bark of Myrica rubra SIEB. et ZUCC., Myricaceae) showed in vitro testosterone 5a a-reductase inhibitory activity and in vivo anti-androgenic activity using growth of flank organ in castrated Syrian hamsters and/or hair regrowth after shaving in testosterone-treated C57Black/6CrSlc mice. Three constituents, myricanone, myricanol, and myricetin were identified as the main active principles.
Testosterone is metabolized intracellularly by the enzyme testosterone 5a-reductase to an active androgen, dihydrotestosterone, which binds to androgen receptors and shows various hormonal actions.
2) Thus the anti-androgenic drugs which exhibited inhibitory activity in testosterone 5a-reductase and/or in the successive biological processes, e.g. binding between dihydrotestosterone and androgen receptor, and protein synthesis may be useful for protection from alopecia.
Many crude drugs have been used for treatment of thermal burn in traditional Chinese medicine. From these natural Chinese drugs, we selected the twenty crude drugs cited in Table 1 and assayed their 50% ethanol extracts for testosterone 5a-reductase inhibitory activity. Among them, 50% ethanol extract of Myricae Cortex (bark of Myrica rubra SIEB. et ZUCC., Myricaceae) showed a remarkable activity similar to that of Rosae Rugosae Flos (buds of Rosa rugosa THUNB. var. plena REGL., Rosaceae) whose anti-androgenic activity based on the testosterone 5a-reductase inhibitory effect has been suggested. 3) In the Japanese cosmetic market, an extract obtained from Rosae Rugosae Flos is used to promote hair growth. In this paper, we describe the comparition of anti-androgenic activity in vitro and in vivo of Myricae Cortex it with that of Rosae Rugosae Flos, and also the testosterone 5a-reductase inhibitory activity guided fractionation of Myricae Cortex extract leading to isolate active constituents.
MATERIALS AND METHODS

Reagents
The following chemicals were used in this study: tris(hydroxymethyl)aminomethane, testosterone, bnicotinamide adenine dinucleotide phosphate tetrasodium salt (reduced form, NADPH), dichloromethane (Nacalai Tesque), hexyl p-hydroxybenzoate (Tokyo Kasei), ethinylestradiol (Wako) and Prostetine ® (oxendolone, Takeda). All chemical reagents were of reagent grade and were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan), unless otherwise noted.
Preparation of 50% Ethanol Extracts from Chinese Crude Drugs All crude drugs (1 g) were powdered and extracted with 50% ethanol (5 ml) at room temperature for 24 h. After filtration, the fresh filtrates were used for in vitro assay of inhibition of testosterone 5a-reductase activity and for an in vivo anti-androgenic experiment using testosteronetreated C57Black/6CrSlc mice. Myricae Cortex (100 g) and Rosae Rugosae Flos (100 g) were crushed and extracted with 50% ethanol (500 ml, each) at room temperature for 24 h. Each extract was evaporated and lyophilized to give a 50% ethanol extract; the yields (%) were 20.4 and 16.3%, respectively. These 50% ethanol extracts were used for in vivo antiandrogenic experiment using the flank organ in castrated Syrian hamsters at an appropriate concentration in 50% ethanol.
Isolation of Myricanol, Myricanone, Myricetin, and Myricitrin from Myricae Cortex The crushed cortex (3 kg) was extracted with 50% ethanol (30 l) at room temperature for 3 d. After filtration, the extract was concentrated under reduced pressure to a volume of 4 l. The concentrated solution was extracted successively with hexane (4 lϫ2) and EtOAc (4 lϫ2). The combined hexane and EtOAc layers were dried over anhydrous sodium sulfate and evaporated to dryness to give a more active hexane soluble fraction (4.92 g) and a less active EtOAc soluble fraction, respectively. The active hexane soluble fraction (4.9 g) was chromatographed over silica gel (Fuji Chemicals, BW-350, 300 g) eluted with hexane-EtOAc (7 : 3 v/v) to give 14 fractions and the testosterone 5a-reductase inhibitory activity of each fraction was examined. The active fraction 9 was purified by recrystallization from MeOH to give myricanone, colorless prisms, mp 186-189°C (68 mg). Recrystallization of another active fraction 12 from diethyl ether gave myricanol, colorless needles, mp 95-105°C (1.10 g). The structures of these two known compounds were deduced from the comparison of their NMR spectral data with those of the reported data (the chemical structures are shown in Fig. 1 ).
The combined EtOAc layer was dried over anhydrous sodium sulfate and evaporated to dryness to give an EtOAc soluble fraction from which myricetin (1.88 g) and myricitrin (640 mg, myricetin-3-O-rhamnoside) were isolated and identified in a similar manner as described in our previous report. 4) Melting points were determined on a Yanagimoto micro melting point apparatus without correction. Optical rotations were measured on a JASCO DIP-370.
1 H-and 13 C-NMR spectra were taken on JOEL JNM-GSX500 at 500 and 125 MHz, respectively, in CDCl 3 with tetramethylsilane as an Interchangeable. These 13 C-NMR spectral data and 1 H-NMR spectral data were in good accordance with the reported data. Interchangeable. These 13 C-NMR spectral data and 1 H-NMR spectral data were in good accordance with the reported data. 5, 6) Animals Male SD strain rat (6 weeks of age), male Syrian strain golden hamsters (4 weeks of age), and male C57Black/6CrSlc strain mice (7 weeks of age) were provided by Japan SLC (Shizuoka, Japan). They were maintained in an air-conditioned room with lighting from 7 a.m. to 7 p.m. The room temperature (about 23°C) and humidity (about 60%) were controlled automatically. Laboratory pellet chows (Labo MR Stock and Labo R stock, Nihon Nosan Kogyo Co., Ltd., Tokyo, Japan) and water were freely available.
Assay for Inhibition of Testosterone 5a a-Reductase Activity Testosterone 5a-reductase was prepared according to the method of Imai.
7) From twenty-four hour-fasted rat (male, Slc-SD strain, aged 6 weeks), the liver was isolated after circulation with ice-cold Krebs-Ringer phosphate buffer (pH 7.4). The liver was homogenized with 5 volumes of ice-cold Tris-HCl buffer (10 mM, pH 7.2) and centrifuged at 9000ϫg for 10 min. The supernatant was stored at Ϫ80°C until use. Inhibition assay of 5a-reductase was performed according to the method described by Ibata 8) with minor modification. The reaction solution contained 50% ethanol extract solution (0.2 ml) obtained from Chinese crude drug or 50% ethanol solution (0.2 ml) of various concentrations of test compound: 1.0 ml of Tris-HCl buffer pH 7.2, 0.3 ml of testosterone (500 mg/ml in propylene glycol-Tris-HCl buffer pH 7.2 (1 : 1v/v)), and 1.0 ml of the enzyme solution. The reactions were started by the addition of 0.5 ml of NADPH (0.77 mg/ml in Tris-HCl buffer pH 7.2). The mixture was incubated at 37°C for 30 min, and the reaction was stopped by addition of 5.0 ml of dichloromethane. After addition of 0.5 ml of hexyl p-hydroxybenzoate (0.1 mg/ml in methanol, an internal standard (I.S.) for HPLC), the tube was shaken for 10 min and centrifuged at 900ϫg for 10 min. The organic layer (4 ml) was transferred to another tube and evaporated to dryness. The residue was dissolved in 5.0 ml of methanol, and an aliquot of 10 ml was injected into the HPLC system (Jasco 880-PU, 875-UV). HPLC conditions : column; YMCPak ODS-AM302 (150ϫ4.6 mm I.D.) at 40°C, mobile phase; methanol-H 2 O (65 : 35 v/v), flow rate; 1.0 ml/min, detection; UV 254 nm, t R ; testosterone, 7 min, I.S., 14 min. The control-0 min tube received 5.0 ml of dichloromethane before addition of NADPH, while the control-30 min tube received 0.2 ml of 50% ethanol instead of the test sample. The procedure described above was then carried out for these control tubes. 5a-Reductase inhibitory activity was determined from the following equation using the peak-area ratios (rϭT/I.S.).
Inhibition (%)ϭ100ϫ(r of test sampleϪr of control-30 min)/(r of control-0 minϪr of control-30 min). IC 50 values were graphically calculated from the inhibition percent values at several concentrations.
Growth Suppression of Hamster Flank Organs An anti-androgenic assay using hamster flank organ growth measured by the increase in area of pigmented macule was performed according to the method described by Liang and Liao 9) with minor modification. Pre-pubertal male Syrian golden hamsters were castrated at 3 weeks of age by excision of the testicles. Intact hamsters were not castrated. After 1 week, hamsters were divided into 7-8 animals per group in order to have similar weight in each group. Hair on the lower back of each animal was shaved with an electric hair clipper weekly to expose the flank organ. A testosterone solution 5 ml (0.01% in ethanol ) was applied topically to the right flank organ once a day for 21 d with a pipette (GILSON, France) and a polypropylene disposable tip. After 30 min of testosterone treatment, 5 ml of one of the following sample solutions was applied topically to the right flank organ once a day for 21 d in a similar way. Sample solutions: (1) 50% ethanol as control, (2) 2% oxendolone as positive control (3) 50% ethanol extract of Myricae Cortex, (4) 50% ethanol extract of Rosae Rugosae Flos, and (5) myricanol, myricetin, and myricitrin in an appropriate concentration. As vehicle, 5 ml of ethanol was applied topically to the left flank organ. In the intact group, 5 ml of ethanol was applied on both flank organs, and after 30 min, 5 ml of 50% ethanol was applied on both flank organs. The surface of the flank organ was wiped with an ethanol pad before each treatment. On the day after the last treatment, animals were sacrificed by an intraperitoneal injection of pentobarbital. Growth of both flank organs, the treated (right side) and vehicle (left side) was determined by measuring the length of the long axis and the short axis of the pigmented spot (pigmented macule) with calipers. The surface area (mm 2 ) of the spot was calculated by multiplication of length of the two axis.
Hair Regrowth after Shaving in Testosterone-Treated C57Black/6CrSlc Mice According to the method described by Yokoyama 10) with minor modification, the dorsal hairs of C57Black/6CrSlc mice (7 weeks of age, one group using 10-11 mice) were shaved with an electric hair clipper.
Beginning the next day, 100 ml of testosterone solution (0.05% in ethanol) was applied topically to the shaved dorsum once a day for 25 d with a pipette and a polypropylene disposable tip. After 30 min of testosterone treatment, 100 ml of one of the following sample solutions was applied topically to the shaved dorsum once a day for 25 d in a similar way. Sample solutions: (1) 50% ethanol as control, (2) 50% ethanol extract solution of Myricae Cortex, (3) 50% ethanol extract solution of Rosae Rugosae Flos, (4) 2% oxendolone solution.
The hair regrowth at 7, 14, 18, 21, and 25 d after beginning topical application was calculated using the following score: 0: no hair growth was observed; 1: less than 20% growth; 2: 20% to less than 40% growth; 3: 40% to less than 60% growth; 4: 60% to less than 80% growth; 5: 80% to 100% growth was observed.
Statistical Analysis The experimental data were tested for statistically significance using Bonferroni/Dunn's multiple range test method.
RESULTS
Testosterone 5a-reductase inhibitory activities of 50% ethanol extract solutions obtained from several Chinese crude drugs are shown in Table 1 . The extract from Myricae Cortex showed the strongest inhibition of the enzyme activity, and was comparable to the strong inhibiton of Rosae Rugosae Flos.
The IC 50 values on testosterone 5a-reductase of some constituents of Myricae Cortex and ethinylestradiol as a reference compound are listed in Table 2 . The values of myricanol and myricanone were 3.7 and 3.8 mM, respectively, but those of myricetin and myricitrin were weaker and ineffective.
Results of an in vivo anti-androgenic activity assay using male Syrian strain golden hamsters are depicted in Tables 3,  4 , and 5. Table 3 shows the growth of right and left pigment macules of intact and castrated male hamsters, and the stimulation of left pigment macules in castrated hamsters by testosterone treatment. The pigmented macules of the intact 3 week old Syrian hamsters apparently grew in response to increased production of endogenous androgen. The pigmented macules of castrated Syrian hamsters did not grow, but testosterone obviously stimulated the growth of the pigmented macules on the right side in castrated hamsters.
The effects of oxendolone, 50% ethanol extract of Myricae Cortex and 50% ethanol extract of Rosae Rugosae Flos on testosterone stimulated growth of pigment macules are shown in Table 4 . Fifty percent ethanol extracts of both drugs In intact or castrated groups, 5 ml ethanol was applied on both flank organs. In control (CastratedϩT) group, 5 ml ethanol was applied on the left organ, and testosterone 0.5 mg per 5 ml ethanol (0.01%) was applied on the right organ. Treatment was carried out daily for 21 d. At the end of treatment period, the area of pigmented macules was determined. Each value represents the meanϮS.E. of 7-8 hamsters. Significantly different from the castrated group, * : pϽ0.01.
showed a significant anti-androgenic activity as did oxendolone, an anti-androgenic drug.
The results of another run of a similar experiment using oxendolone, myricanol, myricetin and myricitrin are depicted in Table 5 . Both myricanol and myricetin which exhibited testosterone 5a-reductase inhibitory activity also had a significant anti-androgenic activity. Although myricitrin lacked testosterone 5a-reductase inhibitory activity, this compound showed a similar anti-androgenic activity.
Another anti-androgenic assay in vivo was performed using a hair regrowth assay in testosterone sensitive male C57Black/6CrSlc strain mice. As shown in Fig. 2 , testosterone treatment remarkably suppressed hair regrowth in these strain mice. Fifty percent ethanol extract solution of Myricae Cortex showed a significant anti-androgenic activity as did oxendolone. However, in this experimental model, the anti-androgenic activity of a 50% ethanol extract solution of Rosae Rugosae Flos was less effective than that of Myricae Cortex.
DISCUSSION
Myricae Cortex is prescribed as an anti-diarrhetic and anti-microbiotic in Chinese medicine and has been shown to contain tannins, 11) the flavonols 4) myricetin, myricitrin and quercetin, and the diarylheptanoids 12) myricanol and myricanone. The inhibitory effect of Myricae Cortex on melanin biosynthesis was described in our previous paper, 4) however, its testosterone 5a-reductase inhibitory effect has not previously been reported. The anti-androgenic drugs which exhibited inhibitory activity in testosterone 5a-reductase and/or the successive biological processes may be useful as hair The dorsal hairs of C57Black/6CrSlc mice (7 weeks of age) were shaved. Beginning the next day, 100 ml of testosterone solution (0.05% in ethanol) was applied topically to the shaved dorsum once a day for 25 d. After 30 min of testosterone treatment, 100 ml of the following sample solutions were also applied topically to the shaved dorsum once a day for 25 d. Control and testosterone-treated control were applied with 50% ethanol alone or 50% ethanol together with 0.05% testosterone, respectively. The regrowth after beginning of topical application was calculated by scoring. ---; control, ---; testosterone-treated control, ᭺; 50% ethanol extract solution of Myricae Cortex, ᭡; 50% ethanol extract solution of Rosae Rugosae Flos, ; 2% oxendolone solution. Each point represents the meanϮS.E. of 10-11 mice. Significantly different from the control group, * : pϽ0.05, * * : pϽ0.01. A testosterone (T) solution 5 ml (0.01% in ethanol) was applied topically to the right flank organ once a day for 21 d. After 30 min of T treatment, 5 ml of the sample solution was applied topically to that flank organ. As vehicle, 5 ml of ethanol was applied on the left flank organ, and after 30 min, 5 ml of 50% ethanol was applied. At the end of the treatment period, the area of pigmented macules was determined. Each value represents the meanϮS.E. of 7-8 hamsters. Significantly different from the castrated group, * : pϽ0.01. A testosterone (T) solution 5 ml (0.01% in ethanol) was applied topically to the right flank organ once a day for 21 d. After 30 min of T treatment, 5 ml of the sample solution was applied topically to the same organ. As vehicle, 5 ml of ethanol was applied on the left flank organ, and after 30 min, 5 ml of 50% ethanol was applied. At the end of the treatment period, the area of pigmented macules was determined. Each value represents the meanϮS.E. of 7-8 hamsters. Significantly different from castrated group, * : pϽ0.05, * * : pϽ0.01.
growth promoting agents and also to protect against alopecia, thus the present study was targeted to examine the anti-androgenic activities of the extract obtained from Myricae Cortex, to characterize the active components, and then to apply the extract to a hair growth promoting agent originated from a natural resource.
The first screening for testosterone 5a-reductase inhibitory activity of 50% ethanol extracts of about twenty Chinese crude drugs found those of Myricae Cortex and Rosae Rugosae Flos showed a remarkable activity. A search for the constituents of the activity of Myricae Cortex using bioassay-guided chromatography of the active hexane soluble fraction led to the isolation of two active compounds, myricanol and myricanone. Myricetin, a major flavonol of the bark, was weakly active, but myricitrin, a flavonol-glycoside, was inactive. Thus the testosterone 5a-reductase inhibitory activity of Myricae Cortex can be partially attributed to myricanol, myricanone, and myricetin.
An anti-androgenic assay in vivo was performed using flank organ growth measured by increase in the area of pigmented macule in castrated Syrian hamsters. Fifty percent ethanol extracts of Myricae Cortex and Rosae Rugosae Flos obviously inhibited the growth of pigmented macules treated by testosterone. These samples showed the significant antiandrogenic activity as did oxendolone, an anti-androgenic drug. Both myricanol and myricetin which exhibited testosterone 5a-reductase inhibitory activity also had a significant anti-androgenic activity. Although myricitrin lacked testosterone 5a-reductase inhibitory activity, this compound showed a similar anti-androgenic activity. This result can be explained by assuming that the anti-androgenic activity acts to inhibit binding between dihydrotestosterone and androgen receptor, and/or protein synthesis inhibition.
Another anti-androgenic assay in vivo was performed using hair regrowth assay in testosterone sensitive male C57Black/6CrSlc strain mice. In this experimental model animal, it has been noted that testosterone caused a disorder in the hair growth cycle in dermal papilla cells.
2) Fifty percent ethanol extract of Myricae Cortex showed a significant antiandrogenic activity as did oxendolone.
Based on the above results, it was found that 50% ethanol extract of Myricae Cortex showed a significant anti-androgenic activity in both these in vivo assays, and the bark contained three testosterone 5a-reductase inhibitory active constituents, myricanol, myricanone, and myricetin.
In conclusion, Myricae Cortex may be useful to protect against alopecia, and may be a candidate as a hair growth promoting agent originating from a natural resource.
